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Low Energy Pion-Hyperon Interaction
C.C. Barros Jr. and Y. Hama
Instituto de F´ısica, Universidade de Sa˜o Paulo
C.P. 66318, 05315-970 Sa˜o Paulo-SP, Brasil
We study the low energy pion-hyperon interaction consid-
ering effective non-linear chiral invariant Lagrangians includ-
ing pions, ρ-mesons, σ-mesons, hyperons and corresponding
resonances. Then we calculate the S- and P -wave phase-
shifts, total cross sections, angular distributions and polar-
izations for the momentum in the center-of-mass frame up to
k = 400MeV. With these results we discuss the CP violation
in the Ξ → Λpi and Ω → Ξpi weak decays.
PACS numbers: 13.75.Gx , 13.88.+e
I. INTRODUCTION
Why should we study pion-hyperon (πY ) interaction?
It is not hard to see that, due to their instability, it is
not an easy task for an experimentalist to make beams
of pions and hyperons, let them collide and study what
happens in such collisions. As far as we know, no ex-
perimental data on πY interaction are available. In such
a situation, is there any practical interest, besides aca-
demic one, in theoretically studying these interactions?
In 1957, Okubo [1] observed that the CP violation
allows Σ and Σ¯ to have different branching ratios into
conjugate channels. Pais [2] extended this proposal also
to Λ and Λ¯ decays. In these reactions, the final-state
strong interaction between the decay products plays a
very important role. The few studies on πY interactions
we could find in the literature [3–5] are related to the Ξ→
πΛ decay, in which an independent estimate of the πΛ
strong phase shifts is needed to correctly analyze the data
and conclude about the CP violation. In these references,
however, the results presented show some discrepancy
among them, especially on δS , requiring a clarification.
As for the other interactions, such as πΣ and πΞ, within
our limited knowledge no study has ever been done.
Besides, we have a somewhat different motivation for
the present study. It is by now well known that in high-
energy proton-nucleus collisions, the inclusively produced
hyperons appear usually polarized [6–8]. Several models
have been proposed to explain this phenomenon [9–13],
which at least qualitatively, or even quantitatively, can
account for the hyperon polarization. However, as for
the anti-hyperons which are generally produced also
with polarization [7,8], no one of these models are appli-
cable, since all of them are based on some leading-particle
effect in which the incident proton is transformed into a
leading hyperon.1 In [15], it is proposed that at least part
of the polarization is caused by the final-state interac-
tion of (anti-)hyperon with the surrounding hot medium
where it is produced during the collision of the incident
objects. This mechanism would be the dominant one in
the case of anti-hyperon polarization, since they cannot
be produced as leading particles. In [15], this idea was
put forward within a hydrodynamic model, by treating
the interaction with the hot medium as given by an op-
tical potential, reproducing all the qualitative features
of the existing data. Evidently, it is desirable that, if
possible, more realistic microscopic interaction be used
instead of purely phenomenological potential with fit-
ted parameters. Since pions are dominant in such a hot
medium mentioned above, the microscopic interactions
of our interest would be pion-hyperon (or more precisely
pion-anti-hyperon) interactions. However, except for few
results on πΛ, we are not aware of any study on these
interactions. So the main object of the present work is
to study the low-energy (with respect to the surround-
ing medium) pion-hyperon interactions, aiming at a later
computation of anti-hyperon polarization in high-energy
hadron-nucleus collisions.
The plan of presentation is the following. We shall first
explain, in the next section, the general strategy of treat-
ing the pion-hyperon interactions. Then, in sections III,
IV and V, we apply it, respectively, to the π−Λ, π−Σ and
π − Ξ cases. Phase shifts are calculated and from these
the energy dependence of the total cross-section, the an-
gular distribution and the polarization for each reaction
are computed in these sections. Conclusions are drawn
in section VI. Basic formalism is given in the appendix.
II. STRATEGY FOR THE STUDY OF THE
PION-HYPERON INTERACTIONS
How could we proceed to study the low-energy πY¯ in-
teractions? First of all, due to the CPT invariance, it is
enough to study the πY interactions instead of the πY¯
1It should be mentioned that in a recent paper [14], a
parametrization of Λ and Λ¯ polarization data has been carried
out in terms of polarizing fragmentation functions.
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ones. For instance, the Y¯ polarization is obtained from
the corresponding one for Y , just by changing the sign.
Next, recall that unlike the πY ones, the low-energy πN
interaction is, for obvious reasons, very well studied since
a long time. There is a large amount of experimental
data, and also many models [16–21] that reproduce them
pretty well. Here, we shall consider a chiral-invariant ef-
fective Lagrangian model. In [22], such a Lagrangian was
written in terms of π, N , ρ and ∆ fields as a sum of
LNpiN = g
2m
[Nγµγ5~τN ] · ∂µ~φ , (1)
LNpi∆ = g∆{∆µ[gµν− (Z + 1
2
)γµγν ] ~MN} · ∂ν~φ
+ H.c. , (2)
LNρN = g0
2
[Nγµ~τN ] · ~ρµ + g0
2
[N(
µp − µn
4m
)iσµν~τN ]
· (∂µ ~ρν − ∂ν ~ρµ) , (3)
Lpiρpi = g0 ~ρµ · (~φ× ∂µ~φ)− g0
4m2ρ
(∂µ~ρν − ∂ν~ρµ)
· (∂µ~φ× ∂ν~φ) , (4)
where N , ∆, ~φ, ~ρ are the nucleon, delta, pion and rho
fields with masses m, m∆, mpi, and mρ , respectively, µp
and µn are the proton and neutron magnetic moments,
~M and ~τ are the isospin matrices and Z is a parameter
representing the possibility of the off-shell-∆ having spin
1/2. In addition, it also included a σ term as a correction
and parametrized it in a way we will show below.
Now, since πΛ, πΣ and πΞ systems are similar to πN ,
we can make an analogy and use the same prescription
explained above, adapting it appropriately. The ∆(1232)
resonance plays a central role in the low-energy πN in-
teraction. Its contribution dominates the total cross sec-
tion of π+p (T = 3/2) process and is also important to
the other isospin channels. The lowest energy hyperon
resonances and their main decay modes are quite well
known, so it is possible to use these resonances replac-
ing ∆(1232). As for the coupling constants, they can be
estimated from the resonance widths [5].
Another detail we have to take into account is the
unitarization of the amplitudes. In an effective model
like the one we are considering, the amplitudes we di-
rectly obtain are real, consequently violate the unitarity
of the S matrix. So, if we want something more than
simple cross section, some procedure is required to uni-
tarize the amplitudes. As is often done in effective models
[18,20,21,23], and will be explained in detail in the next
section, we will do this by reinterpreting the calculated
amplitudes as elements of reaction matrix K.
Now we are ready to calculate all the phase shifts and
then the total cross sections, angular distributions and
polarizations. Because we are interested in low energies
(k ≤ .4 GeV), we will limit ourselves to the S and P
waves, which are generally enough for our purpose.
III. PION-LAMBDA INTERACTION
The πΛ interaction is the simplest case. Since Λ has
isospin 0, the scattering amplitude TpiΛ has the general
form
T bapiΛ = u(~p ′)[A(k, θ) +
(6k+ 6k′)
2
B(k, θ)]δbau(~p) , (5)
where pµ and p
′
µ are the initial and final 4-momenta of Λ
in the center of mass frame, kµ and k
′
µ are those of the
pion, and θ the scattering angle. Indices a and b indicate
the initial and final isospin states of the pion. We show in
Fig. 1 the relevant diagrams, where we have omitted the
crossed diagrams, although included in the calculations.
We consider only the first resonance Σ∗(1385), because
we are interested in the low-energy (k ≤0.4 GeV) behav-
ior. The ρ exchange term is absent in the πΛ case, be-
cause due to the isospin it does not couple to Λ. To com-
puting the first two of these diagrams, the Lagrangians
(1) and (2) have been adapted to
LΛpiΣ = gΛpiΣ
2mΛ
[Σαγµγ5Λ]∂
µφα +H.c. , (6)
LΛpiΣ∗ = gΛpiΣ∗{Σ∗µα[gµν− (Z +
1
2
)γµγν ]Λ}∂νφα +H.c. ,
(7)
by replacing the nucleon by Λ or Σ, and ∆ by Σ∗ and
performing appropriate sums over isotopic spin indices.
pi pi pi pi pi pi
Λ Λ Λ Λ        Λ    Λ
Σ Σ(1385) σ*
a) b) c)
Fig. 1: Diagrams for piΛ Interaction
The contributions of the diagram (1a) to the ampli-
tudes are
AΣ =
g2ΛpiΣ
4m2Λ
(mΛ +mΣ){s−m
2
Λ
s−m2Σ
+
u−m2Λ
u−m2Σ
} ,
BΣ =
g2ΛpiΣ
4m2Λ
{m
2
Λ − s− 2mΛ(mΛ +mΣ)
s−m2Σ
+
2mΛ(mΛ +mΣ) + u−m2Λ
u−m2Σ
} . (8)
The diagram (1b) gives
2
AΣ∗ =
g2ΛpiΣ∗
3mΛ
{ νr
ν2r − ν2
Aˆ− m
2
Λ +mΛmΣ∗
m2Σ∗
×(2m2Σ∗ +mΛmΣ∗ −m2Λ + 2m2pi)
+
4mΛ
m2Σ∗
[(mΛ+mΣ∗)Z+(2mΣ∗+mΛ)Z
2]k.k′} ,
BΣ∗ =
g2ΛpiΣ∗
3mΛ
{ ν
ν2r − ν2
Bˆ − 8m
2
ΛνZ
2
m2Σ∗
} , (9)
where ν and νr are defined in the Appendix and
Aˆ =
(mΣ∗ +mΛ)
2 −m2pi
2m2Σ∗
[2m3Σ∗ − 2m3Λ − 2mΛm2Σ∗
−2m2ΛmΣ∗+m2pi(2mΛ−mΣ∗)] +
3
2
(mΛ+mΣ∗)t ,
Bˆ =
1
2m2Σ∗
[(m2Σ∗ −m2Λ)2 − 2m2pi(m2Σ∗ +mΛ)2 +m4pi]
+
3
2
t . (10)
As for the diagram (1c), we only parametrize the am-
plitudes as done in [16]
Aσ = a+ bt ,
Bσ = 0 , (11)
where a = 1.05m−1pi and b = −0.80m−3pi are constants
(we use the same values of [22] for πN). The scattering
matrix will then have the form
Mba =
Tba
8π
√
s
= f1 +
(~σ.~k)(~σ.~k′)
kk′ f2 (12)
and we can make the partial wave decomposition with
al± =
1
2
∫ 1
−1
[Pl(x)f1(x) + Pl±1(x)f2(x)] . (13)
The amplitudes al± , calculated in a tree-level approx-
imation, are real and, so, the corresponding S matrix is
not unitary. In order to unitarize these amplitudes, we
reinterpret them as elements of K matrix and write
aUl± =
al±
1− ik al± . (14)
The phase-shifts are then computed as
δl± = tg
−1(k al±) . (15)
The parameters we use are mΛ = 1.115GeV, mΣ =
1.192GeV, mΣ∗ = 1.385GeV, mpi = 0.139GeV [25],
gΛpiΣ = 11.7 [26,27] and Z = −0.5 [22]. The only param-
eter that is missing is gΛpiΣ∗ . As mentioned before, we
estimate it from the resonance width. Namely, by com-
paring the δP3 phase-shift in the resonance region with
the relativistic Breit-Wigner expression [24],
δl± = tg
−1[
Γ0(
k
k0
)2l
2(mr −
√
s)
] , (16)
where k0 is the center-of-mass momentum at the peak of
Σ∗(1385), that is 0.207GeV. The value obtained in this
way is gΛpiΣ∗ = 9.38GeV
−1, which we will use here.
In Fig. 2, we show the calculated phase-shifts as func-
tions of the center-of-mass momentum k . We also show
there the k dependence of the total elastic cross section,
the angular distribution and the Λ polarization as func-
tion of x = cos θ , for k = 100, 200, 300 and 400MeV.
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Fig. 2: piΛ Scattering
As we can see, the Σ∗(1385) contribution dominates
the total elastic cross section in the low energy region
(quite similar to π+p scattering). As for the polarization,
it begins positive at lower energies and then becomes
negative above k ∼ k0.
IV. PION-SIGMA INTERACTION
In the case of πΣ interaction, both π and Σ have isospin
1, so the compound system can have isospin 2,1 or 0. For
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this reason, the scattering amplitude is somewhat more
complex in this case and has the following general form
Tαγ,βδ = 〈πγΣδ|T |παΣβ〉
= u(~p ′){[A+ (6k+ 6k
′)
2
A′]δαβδγδ
+[B +
(6k+ 6k′)
2
B′]δαγδβδ
+[C +
(6k+ 6k′)
2
C′]δαδδβγ}u(~p) , (17)
where α, β, γ and δ are isospin indices. Decomposing
this amplitude into the i-th. isospin states of the system
(Pi are the projection operators), we have
Tαγ,βδ = u(~p ′){[A0 + (6k+ 6k
′)
2
B0]P0
+[A1+
(6k+6k′)
2
B1]P1+[A2+
(6k+6k′)
2
B2]P2}u(~p)
= u(~p ′){1
3
[A0 +
(6k+ 6k′)
2
B0]δαβδγδ
+
1
2
[A1 +
(6k+ 6k′)
2
B1][δαγδβδ − δαδδβγ ]
+
1
6
[A2 +
(6k+ 6k′)
2
B2]
×[3δαγδβδ + 3δαδδβγ − δαβδγδ]}u(~p) . (18)
Comparing (17) and (18) we obtain{
A0 = 3A+B + C
A1 = B − C
A2 = B + C
,
{
B0 = 3A
′ +B′ + C′
B1 = B
′ − C′
B2 = B
′ + C′
. (19)
These are the relations that determine all the amplitudes
projected on isospin states.
The interaction Lagrangians are given by (4), (6) and
LΣpiΣ = gΣpiΣ
2mΣ
[Σγµγ5 ~tΣ] · ∂µ~φ , (20)
LΣρΣ = g0
2
[Σγµ~tΣ] · ~ρµ + g0
2
[Σ(
µΣ0 − µΣ−
4mΣ
) iσµν ~tΣ]
·(∂µ ~ρν − ∂ν ~ρµ) , (21)
where the isospin combination matrix ~t obeys
〈β|~t|α〉 = −iǫβαceˆc . (22)
pi pi pi pi pi pi
σ
pi pi pi pi
Λ
Σ Σ Σ Σ
Σ
Λ(1405)
ρ
ΣΣ Σ Σ Σ Σ
*
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Fig. 3: Diagrams to piΣ Interaction
Figure 3 shows the diagrams we consider for the πΣ
interactions. Σ∗(1385) also couples to πΣ, but its decay
branching ratio back to the πΣ channel is only 11% . So,
we will neglect it.
The amplitudes corresponding to the diagram a),
Fig. 3, are
AΛ =
g2ΛpiΣ
4m2Σ
(mΣ +mΛ)
s−m2Σ
s−m2Λ
,
BΛ = 0 ,
CΛ =
g2ΛpiΣ
4m2Σ
(mΣ +mΛ)
u−m2Σ
u−m2Λ
,
A′Λ =
g2ΛpiΣ
4m2Σ
m2Σ − s− 2mΣ(mΣ +mΛ)
s−m2Λ
,
B′Λ = 0 ,
C′Λ =
g2ΛpiΣ
4m2Σ
2mΣ(mΣ +mΛ) + u−m2Σ
u−m2Λ
. (23)
The contributions of the diagram b) with intermediate
Λ∗(1405) are similar. We must only change the coupling
constant and replace the mass mΛ by mΛ∗ .
In the case of the intermediate Σ, diagram d), we have
AΣ = −g
2
ΣpiΣ
2mΣ
,
BΣ =
g2ΣpiΣ
mΣ
,
CΣ = −g
2
ΣpiΣ
2mΣ
,
A′Σ = −
g2ΣpiΣ
4m2Σ
− g
2
ΣpiΣ
2mΣ
1
ν0 − ν ,
B′Σ =
g2ΣpiΣ
mΣ
ν
ν20 − ν2
,
C′Σ =
g2ΣpiΣ
4m2Σ
+
g2ΣpiΣ
2mΣ
1
ν0 + ν
. (24)
The ρ exchange amplitude, diagram e), has the form
Tρ = u(~p
′)[Aρ+
(6k+6k′)
2
Bρ][δαβδγδ − δαδδβγ ]u(~p) , (25)
so {
A0 = 2Aρ
A1 = Aρ
A2 = −Aρ
,
{
B0 = 2Bρ
B1 = Bρ
B2 = −Bρ
, (26)
with
Aρ= − g
2
0
m2ρ
(µΣ0 − µΣ−)ν
1− t/4m2ρ
1− t/m2ρ
,
Bρ=
g20
m2ρ
(1 + µΣ0 − µΣ−)
1− t/4m2ρ
1− t/m2ρ
. (27)
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Finally, the σ-term has been parametrized in the same
way as for πΛ, by using eqs. (11), with the same pa-
rameters. In addition to the parameters used in the πΛ
case, we use here mΛ∗ = 1.406 GeV , mρ=.769 GeV,
µΣ0 = .649, µΣ− = −0.16 and gΣpiΣ=6.7 [27]. The cou-
pling constant gΣpiΛ∗ is not known, but we can proceed
in the same way as we have done before, comparing the
calculated amplitudes with the Breit-Wigner expression.
The best fit is obtained with gΣpiΛ∗ = 8.74GeV
−1.
We show in Fig. 4 the phase shifts calculated as ex-
plained above. It is also shown the energy dependence of
the cross section σt for each channel described below.
0 0.1 0.2 0.3 0.4
k(GeV)
−50
0
50
100
150
200
Ph
as
e 
Sh
ift
 (d
eg
)
δ
δ
Sδ
P1
P3
I=0
0 0.1 0.2 0.3 0.4
k(GeV)
−100
−50
0
50
Ph
as
e 
Sh
ift
 (d
eg
)
δ
δ
Sδ
P3
P1
I=1
0 0.1 0.2 0.3 0.4
k(GeV)
−40
−20
0
20
Ph
as
e 
Sh
ift
 (d
eg
) δ
δ
Sδ
P3
P1
I=2
0 0.1 0.2 0.3 0.4
k(GeV)
0
10
20
30
To
ta
l C
ro
ss
 S
ec
tio
n 
(m
b)
pi− Σ+ −> pi− Σ+
pi+ Σ− −> pi− Σ+
piο Σο −> pi− Σ+
pi+ Σ+ −> pi+ Σ+
pi+ Σο −> piο Σ+
piο Σ+ −> piο Σ+
Fig. 4: Phase-shifts and the energy dependence of σt for piΣ
interactions
Using the isospin formalism we calculate the elastic, as
well as the charge exchange, amplitudes as
〈π+Σ+|T |π+Σ+〉 = 〈π−Σ−|T |π−Σ−〉 = T2
〈π+Σ0 |T |π+Σ0 〉 = 〈π−Σ0 |T |π−Σ0 〉 = 〈π0Σ+|T |π0Σ+〉
= 〈π0 Σ−|T |π0Σ−〉 = T2
2
+
T1
2
〈π0 Σ0 |T |π0Σ0 〉 = 2T2
3
+
T0
3
〈π+Σ−|T |π+Σ−〉 = 〈π−Σ+|T |π−Σ+〉 = T2
6
+
T1
2
+
T0
3
〈π−Σ+|T |π+Σ−〉 = 〈π+Σ−|T |π−Σ+〉 = T2
6
− T1
2
+
T0
3
〈π+Σ0|T |π0Σ+〉 = 〈π−Σ0|T |π0Σ−〉 = 〈π0Σ+|T |π+Σ0〉
= 〈π0Σ−|T |π−Σ0〉 = T2
2
− T1
2
〈π+Σ−|T |π0Σ0〉 = 〈π−Σ+|T |π0Σ0〉 = 〈π0Σ0|T |π+Σ−〉
= 〈π0Σ0|T |π−Σ+〉 = T2
3
− T0
3
. (28)
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With these amplitudes, we can calculate σt, dσ/dΩ and
P as functions of k and x = cos θ for each channel. The
results for Σ+ in the final state are shown in Figs. 4− 6.
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Fig. 6: Polarization of Σ+
We can see in Fig. 4 that, although the first resonance
is important in πΣ interactions, it is not as much as in the
π+p or πΛ scatterings. The peak in the Λ∗(1405)-mass
region is not so high (less than 30 mb) and it appears in
the I = 0 state (π−Σ+). Remark that the other reactions
(I = 1 and especially I = 2) have comparable total cross
sections.
Before passing to the next section, it is worth-while
making the following remarks. Even in the tree-level cal-
culation and in the low-energy (k <∼ 0.4 GeV) region that
we are considering here, there could occur the exchange
reactions πΛ ⇀↽ πΣ . The possible diagrams for these
are similar to Fig. 1 b) and Figs. 3 b) and e), with one
of Λ (Σ) replaced by Σ (Λ). However, the contributions
of these reactions are small compared with the elastic
ones we examined in this paper. First, as mentioned
before and could be seen in Figs. 2 and 4, the direct-
resonances dominate over all the other processes, which
appear as corrections to the former. They don’t change
much the cross sections, however are necessary to pro-
duce polarization. Now, πΣ → πΛ , which is given by the
Σ∗ term together with ρ exchange one, is much smaller
than πΛ→ πΛ , because the branching ratio of Σ∗ decay
is (Σ∗ → πΣ)/(Σ∗ → πΛ) ∼ 0.16 [25]. As for πΛ → πΣ
compared with πΣ → πΣ , as mentioned above first we
have σ(πΛ → πΣ)/σ(πΛ → πΛ) ∼ 0.16 for each possible
channel. Now, from Figs. 2 and 4, each πΛ → πΛ chan-
nel, compared with the sum of the three prominent πΣ→
πΣ channels, gives σ(πΛ → πΛ)/∑ σ(πΣ → πΣ) ∼ 0.60
on the average in the resonance region. So, we estimate
that the overall πΛ → πΣ contribution is less than 20%
of πΣ → πΣ examined here.
V. piΞ INTERACTION
This case is very similar to the πN scattering, because
Ξ has isospin 1/2 (as the nucleon) and the main differ-
ence is that the resonance of interest Ξ∗(1533) has isospin
I=1/2 (instead of I=3/2 as ∆(1232)). Then, the scat-
tering amplitude T bapiΞ has the general form
T bapiΞ = u(~p ′){[A+ +
(6k+6k′)
2
B+]δba
+[A− +
(6k+6k′)
2
B−]iǫbacτ
c}u(~p) . (29)
The contributing diagrams are in Fig. 7 and the La-
grangians are almost the same as in the case of πN scat-
tering, eqs. (1-4), where we must replace the N field by
Ξ field, and ∆(1232) by Ξ∗(1533). The latter implies a
substitution of the isospin matrix ~M by ~τ . Consequently,
A±Ξ∗ and B
±
Ξ∗ have different structures as compared with
A±∆ and B
±
∆ of πN case, whereas all the other A
± and B±
remain the same, with appropriate parameter changes.
pi pi pi pi
σΞ
Ξ Ξ
Ξ(1530)
Ξ ΞΞΞ
pi pi
ρ
Ξ Ξ
pipi
*
b) c) d)a)
Fig. 7: Diagrams to piΞ Interaction
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So, by computing the Feynman diagram a) in Fig. 7,
we obtain
A+Ξ =
g2ΞpiΞ
mΞ
,
A−Ξ = 0 ,
B+Ξ =
g2ΞpiΞ
mΞ
ν
ν20 − ν2
,
B−Ξ = −
g2ΞpiΞ
2m2Ξ
− g
2
ΞpiΞ
mΞ
ν0
ν20 − ν2
. (30)
The ρ exchange, diagram d), gives
A+ρ = B
+
ρ = 0 ,
A−ρ = −
g20
m2ρ
(µΞ0 − µΞ−)ν
1− t/4m2ρ
1− t/m2ρ
,
B−ρ =
g20
m2ρ
(1 + µΞ0 − µΞ−)
1− t/4m2ρ
1− t/m2ρ
. (31)
The contributions from diagram b) with intermediate
Ξ∗(1533) are
A+Ξ∗ =
g2ΞpiΞ∗
3mΞ
{ νr
ν2r − ν2
Aˆ− m
2
Ξ +mΞmΞ∗
m2Ξ∗
×(2m2Ξ∗ +mΞmΞ∗ −m2Ξ + 2m2pi)
+
4mΞ
m2Ξ∗
[(mΞ +mΞ∗)Z + (2mΞ∗ +mΞ)Z
2]k.k′} ,
A−Ξ∗ =
g2ΞpiΞ∗
3mΞ
{ ν
ν2r − ν2
Aˆ+
8m2Ξν
m2Ξ∗
×[(mΞ +mΞ∗)Z + (2mΞ∗ +mΞ)Z2]} ,
B+Ξ∗ =
g2ΞpiΞ∗
3mΞ
{ ν
ν2r − ν2
Bˆ − 8m
2
ΞνZ
2
m2Ξ∗
} ,
B−Ξ∗ =
g2ΞpiΞ∗
3mΞ
{ νr
ν2r − ν2
Bˆ −mΞ (mΞ +mΞ
∗)2
m2Ξ∗
− 4mΞZ
2
m2Ξ∗
k.k′
−4mΞ
m2Ξ∗
[(2m2Ξ + 2mΞmΞ∗ − 2m2pi)Z
+(2m2Ξ + 4mΞmΞ∗)Z
2]} . (32)
where
Aˆ =
(mΞ∗ +mΞ)
2 −m2pi
2m2Ξ∗
[2m3Ξ∗ − 2m3Ξ − 2mΞm2Ξ∗
−2m2ΞmΞ∗ +m2pi(2mΞ −mΞ∗)] +
3
2
(mΞ +mΞ∗)t ,
Bˆ =
1
2m2Ξ∗
[(m2Ξ∗−m2Ξ)2− 2m2pi(m2Ξ∗+mΞ)2+m4pi] +
3
2
t .
(33)
The parameters used are mΞ=1.318 GeV, mΞ∗=1.533
GeV, µΞ0 = −1.25, µΞ− = 0.349 and gΞpiΞ = 4. As
in the previous cases, we determined the ΞπΞ∗ coupling
constant by using the Breit-Wigner formula and got the
value gΞpiΞ∗ = 4.54GeV
−1. We display in Fig. 8 the
calculated phase shifts to the isospin 1/2 and 3/2 states.
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Fig. 8: Phase shifts for piΞ interaction
We can now obtain the matrix elements for each elastic
and charge-exchange channel as
〈π+Ξ0|T |π+Ξ0〉= 〈π−Ξ−|T |π−Ξ−〉 = T 3
2
,
〈π+Ξ−|T |π+Ξ−〉= 〈π−Ξ0|T |π−Ξ0〉 = 1
3
T 3
2
+
2
3
T 1
2
,
〈π0Ξ−|T |π0Ξ−〉= 〈π0Ξ0|T |π0Ξ0〉 = 2
3
T 3
2
+
1
3
T 1
2
,
〈π0Ξ−|T |π−Ξ0〉= 〈π+Ξ−|T |π0Ξ0〉 =
√
2
3
T 3
2
−
√
2
3
T 1
2
,
〈π−Ξ0|T |π0Ξ−〉= 〈π−Ξ+|T |π0Ξ0〉 =
√
2
3
T 3
2
−
√
2
3
T 1
2
.
(34)
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Fig. 9: Total cross sections for piΞ interaction
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Fig. 10: dσ/dΩ and Polarizations for Ξ− production
We show, in Fig. 9, the integrated cross sections, with
Ξ− in the final state, obtained with these matrix ele-
ments. We can see that in this case the Ξ(1533) reso-
nance contribution is very important and it dominates
three of the reactions. Figure 10 presents the angular
distributions and polarizations for the same reactions.
VI. DISCUSSION OF THE RESULTS
In the preceding sections, by making a close analogy
with the well established πN case, we have calculated
the S- and P -wave phase shifts for πΛ, πΣ and πΞ inter-
actions. Then obtained both the integrated and differ-
ential cross sections and polarizations for all the elastic
and charge-exchange processes. Let us now discuss these
results in connection with the two applications we men-
tioned in the introduction.
The first application refers to the study of the CP vi-
olation. One of the ways to verify this violation is to
observe the hyperon weak decays, Λ → πN , Σ → πN ,
Ξ → πΛ and Ω → πΞ. In such a study, we need an in-
dependent estimate of the strong-interaction phase shifts
in the final state.
For Λ- and Σ-decays, a large amount of data are avail-
able on the strong interaction phase shifts, since πN scat-
terings are very well studied. In the Ξ decay, there are
some estimates of the S- and P1-wave phase shifts for
πΛ system. However, the reported results are conflict-
ing with each other. Whereas the authors of [3] give
δS = −18.7o and δP1 = −2.7o, in [5], they tell that
δS = 1.2
o and δP1 = −1.7o and, as for the Ref. [4], δS
is between −1.3o and 0.1o and δP1 between −0.4o and
−3.0o. In our calculation, with the σ term included, we
obtained δP1 = −0.36o and δS = −4.69o at the Λ-mass
value, that gives δS − δP1 ∼ −4.3o, that is still small.
One should remark that to really fit the phase shifts in
πN scattering, especially δS , it is necessary to include
other contributions as the diffractive [16] or the contact
[21] terms with correct parameters. So it is possible that
some correction is needed in the results we have obtained
here.
In this paper, we have also calculated the πΞ phase
shifts. So, it is possible to get some information about the
CP violation in the Ω→ πΞ decay, too. Ω has Jp = 32
+
,
so the phase shifts we need are δIP3 and δ
I
D3. Calculating
the asymmetry parameter A in the same way as in [5],
the approximate expression reads
A = −tan(δ
1
2
P3 − δ
1
2
D3)tan(φ
1
2
P3 − φ
1
2
D3)
∼ −tan(δ
1
2
P3)tan(φ
1
2
P3 − φ
1
2
D3) . (35)
At the Ω mass value, δ
1
2
D3 = 0.21
o (computed with the
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same diagrams used in sec. 5) and δ
1
2
P3 = 173.04
o =
180o−6.96o. So the strong interaction effect in the asym-
metry parameter will appear as tan(−7.17o) that is a
value close to that obtained in the Ξ decay. So we do
not expect that, in the study of CP violation in hyperon
weak decays, Ω→ πΞ is much useful.
The other application we mentioned in the introduc-
tion, and which was the main motivation of this work, is
the inclusive (anti-)hyperon polarization in high-energy
collisions. As explained there, the anti-hyperon polariza-
tion cannot be understood in terms of the usual mod-
els [9–13], because all of them are based on the leading-
particle effect and an anti-hyperon cannot be a leading
particle. In [15] it has been proposed that anti-hyperons
are polarized when interacting with the surrounding par-
ticles, which are predominantly pions, that make the en-
vironment where they are produced. So the anti-hyperon
polarization would appear as an average effect of the low
energy πY interaction. It is clear that, generally speak-
ing, such an average procedure washes out any existent
asymmetry, so that no polarization would appear as a
consequence. This is true if we look at the the central re-
gion of the collision. However, the polarization data are
obtained in very forward directions where the asymme-
try could be preserved. Such calculations will be reported
elsewhere [28], but just observing the results of the pre-
ceding sections we can draw some conclusions. The Λ
polarization, as seen in Fig. 2, is positive below 100 Mev
and then changes the sign, so we expect that, on aver-
aging, the most part will be canceled out, implying that
the polarization of Λ ∼ 0. As seen in Figs. 9 and 10, the
Ξ− polarization is negative and very large in the channels
where the cross section is large, whereas the Σ− polar-
ization is positive in most of the cases, Figs. 6. As we
can see, the hyperon polarization is different in each case,
and seems to be consistent with the experimental data
for the anti-hyperons [7,8]. Remark that the polarization
sign changes under charge conjugation.
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APPENDIX A: BASIC FORMALISM
In this paper p and p′ are the initial and final hyperon
4-momenta, k and k′ are the initial and final pion 4-
momenta, so the Mandelstam variables are
s = (p+ k)2 = (p′ + k′)2 (A1)
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t = (p− p′)2 = (k − k′)2 (A2)
u = (p′ − k)2 = (p− k′)2 . (A3)
With these variables, we can define
ν =
s− u
4m
(A4)
ν0 =
2m2pi − t
4m
(A5)
νr =
m2r −m2 − k.k′
2m
, (A6)
wherem, mr andmpi are, respectively, the hyperon mass,
the resonance mass and the pion mass. The scattering
amplitude for an isospin I state is
TI = u(~p
′){[AI + (6k+ 6k
′)
2
BI ]}u(~p) , (A7)
where AI and BI are calculated using the Feynman dia-
grams. So the scattering matrix is
M baI =
T baI
8π
√
s
= fI(θ) + ~σ.nˆgI(θ) = f
I
1 +
(~σ.~k′)(~σ.~k)
kk′
f I2 ,
(A8)
with
f I1 (θ) =
(E +m)
8π
√
s
[AI + (
√
s−m)BI ] , (A9)
f I2 (θ) =
(E −m)
8π
√
s
[−AI + (
√
s+m)BI ] , (A10)
where E is the hyperon energy. The partial-wave decom-
position is done with
al± =
1
2
∫ 1
−1
[Pl(x)f1(x) + Pl±1(x)f2(x)]dx . (A11)
In our calculation (tree level) al± is real. With the
unitarization, as explained in Section III, we obtain
aUl± =
1
2ik
[e2iδl± − 1] = e
iδl±
k
sen(δl±)→ al± . (A12)
These complex amplitudes are used to calculate
f(θ) =
∞∑
l=0
[(l + 1)al+ + lal−]Pl(x) , (A13)
g(θ) = i
∞∑
l=1
[al+ − al−]P (1)l (x) . (A14)
We have, then, in the center-of-mass frame,
dσ
dΩ= |f |2 + |g|2 , (A15)
~P = −2 Im(f
∗g)
|f |2 + |g|2 nˆ , (A16)
σt= 4π
∑
l
[(l + 1)|al+|2 + l|al−|2] . (A17)
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